We investigated permissiveness of the malignantly transformed trophoblast (choriocarcinoma) cell lines JAR, BeWo and JEG-3 to the human T cell lymphotropic virus type I (HTLV-I). After co-culture with the productively infected cell line MT-2 the choriocarcinoma cell lines were analysed for infection over a period of three months. The presence of HTLV-I viral DNA was examined by PCR using primers targeting the gag, pol, env and pX specific sequences. All amplified segments were found consistently in the cell cultures throughout the period of study. Further analysis that aimed to characterize the size variation of the integrated proviral DNA by Southern blotting revealed the presence of integrated proviral sequences which consisted, for the most part, of incomplete genomes. The presence of the full-length HTLV-I genome, however, was unequivocally confirmed in clonally expanded cell cultures derived from the originally infected parental cells. In order to analyse virus expression at the transcriptional level, we used reverse transcriptase (RT)mediated PCR that was targeted at intra-exon regions (gag, pol, env andpX), and the splicing sites of the env and pX-tax/rex mRNAs. When compared with MT-2 cells, substantially lower levels of all transcripts were found in all the cell lines analysed. We were unsuccessful in attempts to detect viral protein expression using polyvalent or Tax-and Gag-specific monoclonal antibodies by Western blot analysis or immunoprecipitation, and we could not detect any RT activity released into the supernatant of the infected cells either. Collectively, these data suggest that the trophoblastic cells may become persistently but essentially non-productively infected with HTLV-I.
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A large body of evidence links human T cell lymphotropic virus type I (HTLV-I) to the aetiology of adult T cell leukaemia (Catovsky et aL, 1982; Hinuma et al., 1981) and demonstrates its association with tropical spastic paraparesis/HTLV-l-associated myelopathy (Gessain et al., 1985; Osame et al., 1986) . Recent data suggest that the rates of mother-to-infant transmission in endemic areas may be as high as 25-40 % (Kajiyama et al., 1986; Monplaisir et al., 1993) . The major route by which HTLV-I is transmitted vertically is thought to be through breastfeeding (Takahashi et al., 1991) . Several previous reports, however, have suggested that HTLV-I may be acquired in utero. In these studies (Saito et al., 1991 ; Satow et al., 1991) virus-specific DNA and antigens were detected in cord-blood lymphocytes from the offsprings of HTLV-I carrier mothers. These data argue that the placenta might play a direct role in the infection of the fetus. Further support for this hypothesis is provided by Fujino et al. (1992) who found that 22 % of placentas from HTLV-I seropositive mothers were infected with HTLV-I. Although the mechanism and the route by which HTLV-I is transmitted across the placental barrier is at present unknown, it is generally assumed that the critical limiting step during in utero transmission lies in the interaction of the virus with the villous trophoblast. The finding of sporadically-infected cells amongst cultured villous cytotrophoblast cells of term placentas from pregnancies complicated by HTLV-I infection (Fujino et al., 1992) further suggests a direct involvement of the trophoblast in the spread of HTLV-I from mother to fetus. Despite considerable study of trophoblast in vitro permissiveness to the human immunodeficiency virus (Douglas et al., 1991; Zachar et al., 1991 al., 1992b, 1994) , the interaction between HTLV-I and human trophoblast has not been investigated so far. In the present study we employed several malignant trophoblast-derived established cell lines and explored their interaction with HTLV-I. Human malignant trophoblastic cell lines JAR, BeWo and JEG-3 (ATCC) were seeded 24 h before infection, in 6-well plates, at 1.5, 3"5 and 2"5 x 104 cells/cm ~, respectively. All cell cultures were maintained in RPMI medium supplemented with 10% fetal calf serum, glutamine and antibiotics. As a source of HTLV-I, we used the HTLV-I-producing lymphoid cell line MT-2 (NIH AIDS Research and Reference Reagent Program, Rockville, Md. USA) which was pre-treated with 150gg/ml mitomycin C for 1 h before use. This treatment ensured that any MT-2 cells that failed to be removed by washing would die within 2 days (Phillips & Tan, 1992) . HTLV-I-producing pretreated MT-2 cells were co-cultured with trophoblastic target cells at a cell ratio of 1:1. After 24 h of co-culture the plates were thoroughly washed several times with PBS followed by two washes with 0.02% EDTA to ensure complete removal of the MT-2 cells. The monolayers of choriocarcinoma cells were maintained in culture for three more days and then further passaged by trypsinization twice a week for up to 3 months (26 passages).
We analysed infection of choriocarcinoma cells by a PCR-mediated hybridization analysis of the whole cell lysates as described previously (Kawasaki, 1990) . Briefly, cell lysates corresponding to the total of 5 x 104 cells were amplified in a standard 25 pl reaction containing 1 x reaction buffer (Promega) adjusted to a final concen-tration of 2.5 mM-MgC12 and containing 5 pmol of each of the primers and 0"5 U of Taq polymerase (Perkin Elmer Cetus). We used a set of four primer pairs targeting the structural gene gag (SG166: CTGCA-GTACCTTGCTCCTCCCTC, nt 1388-1411; SG296: TTCTACGAAGGCGTGGTAAG, nt 1660-1640), pol (SK110: CCCTACAATCCAACCAGCTCAG, nt 4757-4778; SKI 11 : GTGGTGAAGCTGCCATCGGGTT-TT, nt 4942-4919), env (SG219: CCCCAGCTGCTG-TACTCTCACAA, nt 5270-5292; SG294: TGGGCA-CTTTAAGGAACAAG, nt 5540-5521) and the regulatory region p X (SK43: CGGATACCCAGTCTACG-TGT, nt 7358-7377; SK44: GAGCCGATAACGCG-TCCATCG, nt 7516-7496) (Ehrlich et al., 1990) . The positions of the primers are presented graphically in Fig. 1 . The positions for all the primers are according to the numbering system described by Seiki et al. (1983) . The reaction mixtures were subjected to 35 cycles, each consisting of denaturation at 94 °C for 30 s, annealing at 55 °C for 1 rain and extension at 72 °C for 1 rain. Samples (10 gl) of the reaction mixtures were resolved by agarose gel electrophoresis and then vacuum-blotted onto a PVDF-N membrane (Millipore). Hybridizations were performed under stringent conditions for pol (SKI 10-SK11 I) and gag (SGI66-SG296) reaction products using 32P-end-labelled probes SKl l2 (GTACTT-TACTGACAAACCCGACCTAC, nt4825-4850) and SG242 (ATATAAGGCTATCTAGCTGCTGGTGAT-GGAGGGAAGCCAC, nt 1451-1412), respectively (Ehrlich et al., 1990) . env (SG219-SG294) and p X (SK43-SK44) reaction products were probed with a 32p_ random-primed probe prepared from plasmid PHX3 (Manzari et al., 1983) containing the 3' half of the pol gene and complete env and p X genes.
The analysis demonstrated the presence of all parts of the HTLV-I genome sought (gag, pol, env and pX) in all three cell lines (Fig. 2) ; furthermore the pol and p X sequences were shown to persist in choriocarcinoma cells throughout the duration of experiment up to passage 26. Semi-quantitative PCR for pol and p X DNA (Fig. 2) revealed that on average 0.15 copies per cell of amplification target were present in the choriocarcinoma cells. Moreover, the apparent load of provirus was similar across cell lines and remained constant during the course of culture.
After we determined that all choriocarcinoma cell lines became infected we set out to characterize the integrated HTLV-I proviral DNA in more detail using Southern blot analysis. We prepared high molecular weight (HMW) DNA according to proteinase K-sarkosyl protocol, as described elsewhere (Ausubel et al., 1992) , from the cells reaching passage 17 (day 56 post-infection). HMW DNA was digested with restriction enzyme SacI which cuts within the LTRs and thus produces a 8.3 kb (Ausubel et al., 1992) . After restriction with SacI and transfer to a PVDF membrane, hybridization was accomplished using a 32p-random-labelled HTLV-I fragment from PHX3 plasmid (for details see the text). The size of restriction fragments was calculated from the mobility of standard DNA molecular weight markers II (Boehringer).
restriction fragment from the complete provirus (Mistro et al., 1986) . For agarose gel electrophoresis we used equalized amounts of digested DNA derived from 1 x 106 cells (10-25 gg DNA). The resolved DNA samples were transferred to a PVDF-N membrane and were hybridized with 32p-random-primed probe prepared from plasmid PHX3 as described above. Southern blot analysis of Sad-restricted DNA from MT-2 cells, used as a positive control, provided a range of multiple proviral fragments (0"7-9"5 kb), with a most prominent band appearing at 8"3 kb, corresponding to the full-length HTLV-I provirus (Kobayachi et al., 1984) (Fig. 3) . In contrast to MT-2 cells, in the infected JAR, BeWo and JEG-3 cells, the major proviral pieces were represented by deleted genomes (1.0, 1.2, 2"9 and 6.9 kb). cultures which were previously characterized for integrated viral D N A (see Fig. 3 ). Four clones of each cell line were subjected to the analysis. Equal amounts of high molecular mass D N A (10 p,g) were restricted
with SacI, transferred to PVDF membrane and hybridized with a a=p_ random-labelled HTLV-I fragment from PHX3 plasmid, as described with the parental cell cultures (for details see text). The size of restriction fragments was calculated from the mobility of standard D N A molecular weight markers II (Boehringer).
Scan analysis of the autoradiograms showed that fulllength proviral DNA constituted no measurable amounts of the total integrated DNA in contrast to MT-2 cells in which 22 % were found to be integrated.
In order to obtain more information on the pattern of proviral integration we established four clonally selected cell lines for both JAR and JEG-3 cells by limiting dilution. All monoctonal cultures were further processed for Southern blotting as described above. The analysis revealed uniform presence in all cell lines of a 2.9 kb truncated proviral DNA fragment (Fig. 4) . Less frequently a 6"9 kb fragment was found, in three out of four cell lines for both JAR and JEG-3, whereas a 8'3 kb band corresponding to the intact proviral DNA was present only in two clones of JAR cells and in a single JEG-3 clone. Moreover each clone displayed a unique set of multiple bands in the range 1.0-10 kb. The predominance and ubiquity of 2.9 and 6.9 kb bands, which were also consistently detected as major proviral DNA fragments in MT-2 cells, suggests that the choriocarcinoma cells became infected with defective virions carrying incomplete genomic RNA of corresponding size. Infection with defective virions might well provide a plausible explanation for the resemblance of proviral patterns across the distinct parental choriocarcinoma lines (Fig. 3 ) (Mistro et al., 1986) , On the other hand the less distinct fragments, which appear to be specific for each clone and which apparently represent only a minor fraction of the integrated viral DNA, might be considered to arise from deletions occurring in the particular host cell following infection (somatic mutation).
HTLV-I provirus is transcribed into three major mRNA classes in MT-2 cells. Proteins coded by the gag and pol genes are translated from full-length genomic mRNA, the env proteins are translated from singly spliced mRNA and a double-spliced subgenomic mRNA is utilized for synthesis of regulatory proteins; the most important being Tax and Rex proteins (Kinoshita et aI., 1989) (Fig. 1) . In order to investigate virus expression at the transcriptional level, we performed RT-PCR to detect each of the three types of mRNAs. Cytoplasmic poly(A) + RNA was extracted from 1 × 10 ~ cells using superparamagnetic beads capture technology (Dynabeads Oligo(dT)25; Dynal) according to manufacturer's instructions. Synthesis of cDNA was primed using random hexamers (Pharmacia) and the reaction was accomplished using 200 U of moloney murine leukaemia virus reverse transcriptase (Life Technologies) in a final volume of 30 pl. A negative control reaction was performed omitting reverse transcriptase (RT). Further, 3 ~tl of mock-RT or RT reaction products (equivalent to l0 s cells) were amplified in a set of six separate reactions in order to detect each of the major classes of mRNAs as described for PCR detection of HTLV-I DNA. The genomic mRNA was specifically detected with SK110-SK111 and SG166-SG296 amplimers targeting gag and pol regions, respectively (for exact positions see text above) (Fig. 1) . The splice site used in the env mRNA was specifically amplified from the 5' end LTR, using sense amplimer RLTR (ACGCCGTTGAGTCGCGTTC-TGC, nt 427-449), to the 5' end region of the second exon using antisense amplimer RENV (TGTGAGA-GTACAGCAGCTGGG, nt5271-5291) (Fig. 1) ; the predicted size of the amplified fragment was 343 bp. We amplified the doubly spliced mRNAs coding for regulatory proteins by targeting the adjacent splicing donor and splicing acceptor sites of the second and third exons using amplimers RPX3 (ATCCCGTGGAGACTCC-TCAA, nt 5096-5115) and RPX4 (AACACGTAGA-C T G G G T A T C C , nt 7357-7338) (Kinoshita et aL, 1989) (Fig. 1) . We also used two additional sets of amplimers SG219-SG294 and SK43-SK44 (see above) specific for the env and p X genes, respectively, aiming to gain additional information on the structure of detectable mRNAs (not shown). Hybridizations of the products from intra-gene amplifications were performed as described above using DNA-PCR. For detection of the PCR-specific product from the single splice site of env eDNA ( R L T R -R E N V ) we used a 32P-labelled oligonucleotide probe RENVP ( C A T G G G T A A G T T T C T -CGCCACT, nt 5201-5222) and in order to specifically detect the product from p X -t a x / r e x eDNA (RPX3-RPX4) we used probe RPXPR1 (AACACCATGGC-CCACTTCCC, nt 5197-5205/7224-7334) (Kinoshita et al., 1989) which overlapped the second splice junction and enabled visualization of a 145 bp band.
RT-PCR analysis was conducted for all infected choriocarcinoma cell lines at passage 17 (Fig. 5) . Interestingly, the amounts of each of the major m R N A classes that were detected were comparable between the choriocarcinoma cells but significantly smaller than those found in the productively infected MT-2 cells. Furthermore, these experiments confirmed the predicted splicing patterns for env and p X -t a x / r e x messages (Fig.  5) , thereby suggesting that the m R N A post-transcriptional processing was not compromised. Additionally, we were able to attribute the correct splicing patterns to those monoclonal cell lines which, by Southern blotting, (Fig. 4) had been shown to harbour the intact provirus (data not shown). Taken together, the data indicate that the expression at transcriptional level of HTLV-I regulatory as well as structural genes takes place in malignant trophoblastic cells although at a very low level. Such limited abundance of the specific transcripts may in part be accounted for by full-length provirus being present only in a minor proportion of infected cells.
The finding that HTLV-I provirus is expressed at the transcriptional level, together with evidence of the presence of correctly spliced mRNAs, prompted us to test for the presence of viral proteins in the infected cells. Western blot analysis based on the chemiluminescent visualization (Western-Light chemiluminescent kit, Tropix) was employed to achieve maximum sensitivity. For analysis 2 x 10 n MT-2 cells were used as a positive control and the same amount of each of the choriocarcinoma cell lines at 56 days post-infection (passage 17) was tested. Lysis of the cells was accomplished using 0.1% SDS and 1% NP-40 in the presence of 2 gg/ml aprotinin and 2mM-PMSF as described elsewhere (Sambrook et al., 1989) . Proteins were separated on 12 % SDS-PAGE and blotted by a semi-dry electrotransfer onto a PVDF-P membrane (Millipore). Viral antigens , and the amount equivalent to 105 cells was reverse transcribed and used in PCR as described in the text. Unspliced mRNA was specifically detected by amplifying gag (SG166-SG296) and pol (SKll0-SKlll) regions. Spliced mRNA species were specifically detected by amplifying over the splice junctions; env mRNA over the single splice site (RLTR RENV) and pX-tax/rex mRNA over the second splice site (RPX3 RPX4) (see Fig. 1 ). Amplification products were specifically detected using oligonucleotide probes described in detail in the text. The potential contamination from viral DNA was rigorously monitored by amplification of mRNA preparations in the absence of RT. In the control lanes uninfected choriocarcinoma cells that were processed in parallel with the infected ones are shown.
were detected using high titred polyvalent goat antiserum (NIH AIDS Research and Reference Reagent Program, Rockville, Md., USA) which is reactive against HTLV-I major structural and regulatory proteins. As expected, abundant amounts of core proteins (p19 gag, p24 gag, p29 g~g, and p33 g~g, envelope proteins p21 env and gp46 env, and also transactivating protein p40 t~x were detected in MT-2 cells; however, no viral proteins were found in the infected JAR, BeWo and JEG-3 cells (Fig. 6a) .
In an effort to increase the sensitivity of detection of viral proteins, we implemented a compound immunodetection procedure consisting of a modification of immunoprecipitation (Tanaka et al., 1990) followed by Western blot analysis as used above. This approach permitted an increase in protein load on SDS-PAGE by factors of 35 and 10 corresponding to p24 g~g and p40 t"~, respectively. The mouse MAb used was p24gag-specific clone 6G9 (Clonatech/Biosoft) and two MAbs recognizing p40t~X-Lt-4 and TAXY-8 (Tanaka et al., 1990 (Tanaka et al., , 1991 . Despite the increased sensitivity of the combined immunoprecipitation-WB technique, we were still unable to detect HTLV-I gag or tax proteins in the infected cells ( Fig. 6b ; data with MAb Lt-4 not shown). HTLV-I p24 g~g and p40 taz proteins were detected with mouse MAbs using a complex procedure employing immunoprecipitation in the first stage followed by a Western blot analysis in the second stage. Visualization of protein bands was as in (a). The total load used for detection of gag and tax proteins in the Western blot stage of the procedure was equal to the yield from 70 and 20 × l0 s cells, respectively. The size of protein bands was determined from the migration of standard protein molecular weight markers (Amersham).
Additionally we assayed the supernatants of the infected cell cultures for RT activity (Poiesz et al., 1980) , but failed to detect any levels suggestive of released retroviral particles. HTLV-I has been shown to infect a number of cells of non-lymphoid lineage, but for the most part this infection has proven to be silent. Complete virus replication has only been demonstrated in a few host cells, in particular human osteogenic sarcoma cells (Clapham et al., 1983) , human endothelial cells (Hoxie et al., 1984) , diploid human fibroblasts (Yoshikura et al., 1984) and epithelial cells (Zacharopoulos et al., 1992) . The mechanisms underlying the block of the full viral replicative cycle have not been as yet scrutinized in a comprehensive fashion. Such blocks may most likely affect distinct stages of virus replication depending on the particular host cell system. In the T cell line C8166-45, Bhat et al. (1993) were able to link the block in replication of HTLV-I to a defect in the synthesis of Rex, the protein responsible for stabilization and transport of unspliced mRNAs to the cytoplasm. Consequently, the viral mRNAs were prevented from transport from the nucleus to the cytoplasm.
This scheme, however, is unlikely to be applicable to our model because both env and genomic viral RNAs seem to be well-represented as cytoplasmic polyadenylated RNA. Yet, none of the viral proteins was detectable using the most sensitive techniques available. Since all major classes of mRNAs seem to be present, one cannot rule out the possibility that these cells may be permissive for HTLV-I replication, however at a sub-optimal level. It is possible that the synthesis of viral proteins in the choriocarcinoma cells occurs at levels below our level of sensitivity of detection. If this scenario indeed takes place, then the apparent block in productive HTLV-I infection may plausibly reflect the insufficient amounts of integrated full-length provirus. Alternatively, the infection might remain truly latent as a consequence of the inefficiency of one or more events following the transcription of the viral genome.
In line with previous reports (Fujino et al., 1992; Saito et al., 1991; Satow et al., 1991) , our data indicate the possibility that human placental trophoblast may become persistently infected with HTLV-I in vivo but that this infection is likely to be of a limited productivity. It remains to be elucidated to what extent local factors, namely a cytokine network typically restricted to the placental micro-environment (Mitchell et al., 1993) , may play a part in modulation of virus expression in the infected placental cells and thereby regulate transplacental passage of HTLV-I.
